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Summary:

The transport of particles across a semi-permeable membrane was examined through the use of a dialysis cell and an osmotic pressure device.  When a dialysis system containing 0.1 M KCl initially on one side of the membrane, and deionized water on the other was allowed to run for 60 minutes, it was found that the mass transfer coefficient (km) was 7.884 x10-8 cm/sec.  When the same procedure was followed replacing the NaCl with a of 0.00196 M poly- sodium acrylate solution, a km of 1.14 x 10-10 cm/sec was determined.  By running various trials of the 0.1 M KCl system, it was determined that the rate of flow did not affect the mass transfer coefficient.  A dialysis system was also set up for a solution initially containing 0.1 M NaCl on one side of the membrane and 0.00196 M poly- sodium acrylate on the other.  Gibbs-Donnan equilibrium was observed for this system.  When attempting to measure the osmotic pressure of a 0.00196 M poly-sodium acrylate solution placed in water, we found that the change in height measured was not the equilibrium height; thus, the dissociation constant, calculated to be 0.1, was incorrect.

OBJECTIVES/SPECIFIC AIMS:


The primary objective of this experiment was to quantitatively observe the transport of charged particles in a dialysis system under varying conditions during diffusion, osmosis, and the Gibbs-Donnan equilibrium.  In order to accomplish this objective, our three specific aims were:

· To determine the effect of flow rate on the mass transfer coefficient (km) in a dialysis system containing KCl and H2O  
· To determine the dissociation constant for poly-sodium acrylate versus H2O by studying the osmotic pressure using a dialysis system and a liquid column.  
· To explain the observed transport of charged particles in a dialysis system containing poly-sodium acrylate and NaCl.  
BACKGROUND:

Transport across a semi-permeable membrane is affected by several variables including the size of the particles, concentration of the solutions, osmolarity difference, and electrochemical potentials.  The semi-permeable membrane used in this experiment allows the passage of molecules with molecular weights up to 10,000 g/mol.  Diffusion of the ions across the semi-permeable membrane is possible due to the dissociation of KCl and NaCl.  In this experiment, the transport of poly-sodium acrylate ions (see Figure 1 for the molecular structure), each having a molecular weight of 5100g/mol and approximately 94 sodium particles per molecule, was examined.  Since the membrane is only permeable to sodium, a different situation will be observed.  When this protein is placed in the membrane with other ions flowing through the other side, such as Na+ and Cl-, the Donnan effect and Gibbs-Donnan equilibrium is observed due to the flow of only sodium and chlorine ions.

MATERIALS & METHODS:
In addition to the materials in the lab manual, plastic tubing (3 mm diameter), plastic pipettes (7 mm diameter), clamps, beakers, additional semi-permeable membrane, and rubber bands were also used to set up the osmotic pressure experiments.

In order to measure the osmotic coefficient, three different setups were employed, in order to address three separate hypotheses. The general setup is shown in Figure 2.  One setup involved the use of plastic tubing (3 mm diameter) and 1 mL of 0.00179 M poly-sodium acrylate.  The other two setups involved the use of plastic pipettes (7 mm diameter), one containing 1 mL of 0.00179 M poly-sodium acrylate solution, and the other with 1 mL of 0.000358 M poly-sodium acrylate.

THEORY:

1. Fraction Dissociation of Poly-Sodium Acrylate 
The fraction of dissociation of an electrolyte is the percentage of the original non-dissociated compound that dissociates in solution (denoted α).  For any electrolyte in solution

mυ+xυ- ↔ υ+m+z + υ-x-z 

N(1-α) ↔ αNυ+ + αNυ-
such that 0 ≤ α ≤ 1.  Thus, the amount of non-dissociated compound lost (α) equals the amount of ion produced for each ion (υ+ and υ-) times the number of moles originally present (N). Given the molecular weight and structure of poly-sodium acrylate (see background and Figure 1), each acrylate ion is associated with 94 Na+ ions.  Therefore, 100% dissociation (α =1) would produce 95 separate ions.  Likewise, 100% dissociation of NaCl results in 2 separate ions.  

Assuming chloride and acrylate ions contribute equally to the conductance, a 100% dissociated poly-sodium acrylate solution should have a molar conductance 47.5 times that of NaCl, based on the slopes of the NaCl and poly-sodium acrylate standard curves.  Thus, by comparing the experimental molar conductance of poly-sodium acrylate with its 100% dissociated molar conductance, the actual fraction dissociation can be calculated.

2. Acrylate Ion Molar Conductance

In a conductance cell, electric charge is carried from one electrode to the other by way of the dissociated ions in solution.  When a molecule dissociates into its respective ions, each ion is surrounded by a cloud of dipolar water molecules oriented relative to the charge of the ion, known as a hydrated radius.  These molecules produce resistance to motion of the charges through the solution.  In addition, the less charge on the ion, the slower it moves in solution.  Thus, to compare the molar conductance of an acrylate ion to that of a chloride ion, we must consider both size and charge magnitude.  

Based on the significantly larger size of the acrylate ion in comparison to the chloride ion, its mobility in solution and, ultimately, its conductance are less than that of the chloride ion.  However, since each poly-sodium acrylate ion undergoes 34.1% dissociation, the acrylate ion has a charge z = -34 while chloride only has a charge z = -1.  Therefore, based on charge, the acrylate ion has a higher conductance.  Since no literature was found to indicate either trait being more influential than the other, we assume that both ions contribute equal molar conductance measurements.

3. Osmotic Pressure and the Dissociation Constant

There are two equations that can be used to calculate the osmotic pressure of a system:

	π1 = ρgh, where 
ρ = density

g = gravity

h = change in height at equilibrium


	π2 = icRT where


i = dissociation constant

c = non-dissociated molecule concentration
R = gas constant

T = temperature


Thus, by measuring the height at equilibrium and equating π1 = π2 we can solve for c at the new volume  and, ultimately, for i, the dissociation constant.


4. Gibbs-Donnan Equilibrium

The Gibbs-Donnan equilibrium equation is used to model ion movement across a semi-permeable membrane in the presence of a non-diffusible charged particle (see below). As shown in Figure 3, all ions are diffusible except P-.  Due to its concentration gradient at t = 0, the chloride ion diffuses across the semi-permeable membrane from the right chamber to the left chamber.  In order to maintain charge neutrality, each negative chloride ion carries with it one positive sodium ion.  However, this process is hindered by the presence of P-, which opposes diffusion of chloride across the membrane.  Therefore, a small fraction x of chloride crosses the membrane leaving the system electrically neutral but not at concentration equilibrium.  

The chloride will stop diffusing when the chemical potential on both sides of the membrane are equal, from which we derive an equation to calculate equilibrium concentrations:
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RESULTS:

Week 1

Conductance values were collected for 0-0.1 M NaCl and 0-0.1M KCl solutions (in increments of 0.02 M), and 0-1.0 M NaCl (in increments of 0.2 M) solutions.  Standard curves were then plotted, and the following equations relating concentration to conductance were derived:  

0-0.1 M KCl

y = 112.94x + 0.3116 (probe 1)

y = 114.87x + 0.3181 (probe 2)

0-0.1 M NaCl 

y = 93.257x + 0.1971 (probe 1)

0-1.0 M NaCl

y = 70.093x + 3.2386 (probe 1)

Conductance data was collected for 1.8 hours using a dialysis system that began with 0.1 M KCl on one side of the membrane, and deionized water on the other side.  These data were converted into a KCl Concentration vs. Time graph, using the equation obtained from the standard curve. (Figure 4)  

The KCl concentration (CH – initially higher relative concentration) and deionized water concentration (CL) are known, as well as the area of the membrane, equilibrium concentration, and concentrations at various times.  Therefore, an equation relating CL to mass transfer coefficient (km, cm/s) was found:
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Week 2

The dialysis system was run at varying flow rates in order to determine the optimal flow rate to be used in order to find the mass transfer coefficient km of KCl versus H2O (Table 1).  It was found that flow rate did not have a statistically significant effect on the value of km.

Mass transfer coefficient (km) values were also calculated at different time intervals to determine the optimal time to run each trial.  For the purpose of analysis, it was assumed that the latest time point (3600 sec) approximated equilibrium.  Therefore, the shortest time point that resulted in allowable error for Km (5%) was at 30 minutes (Table 2).

Week 3

Sodium chloride, assumed to dissociate completely into 2 ions, has a molar conductance (λ) of 93.63.  Thus, the ratio of sodium chloride ions to poly-sodium acrylate ions is 1:47.5.  Assuming chloride and acrylate ions contribute equally to the conductance, a 100% dissociated poly-sodium acrylate solution should have a molar conductance 47.5 times that of NaCl (λ100% = 4429.7).  However, the calculated λ is 1467.96.  Since the experimental molar conductance is 34.1% of the total dissociation molar conductance, we can conclude that the poly-sodium acrylate undergoes 34.3% dissociation resulting in 32 Na+ ions lost from each poly-sodium acrylate molecule.

Also, from the dialysis cell, very little net change in the conductance of the water and poly-sodium acrylate was observed (as illustrated in Figure 5).  This affirmed our hypothesis, which was based on the assumption that the acrylate ion was not permeable across the membrane.  Although the Na+ ions would cross the membrane to decrease the concentration gradient, they would then immediately cross back to neutralize the electrical potential, resulting in no net diffusion.  From the data collected, the mass transfer coefficient (km) of poly-sodium acrylate was found to be 1.14 x 10-10 cm/sec.

By measuring the height of a liquid column, the osmotic pressure for the initially 0.001976M poly-sodium acrylate solution was found to be 0.00145atm.  This yielded a final concentration of osmotically active particles of 5.99x10-5 M and a dissociation constant (i) of 0.1.

Week 4

Three trials were done for the standard curves giving the equations (averaged) y = 1467.93x + 0.1205 and y = 93.63x + 0.2156 for 0-0.00196M poly-sodium acrylate and 0-0.1M NaCl, respectively (see Figures 6 and 7).  The dialysis system was then run with initial concentrations of 0.0196M poly-sodium acrylate and 0.1M NaCl.  Conductance on both sides of the membrane was then measured vs. time (see Figure 8).

DISCUSSION/ANALYSIS:

Prior to the experiment, we hypothesized that the Km value would be significantly different for very low flow rates.  We expected that at high flow rates, the K+ and Cl- ions would move quickly along the semi-permeable membrane, and be pumped out of the dialysis machine before they diffused across the membrane.  At lower flow rates, it was expected that the ions would spend more time exposed to the membrane, and therefore move more quickly across the membrane (with an accompanying increase in the mass transfer coefficient).  Based on Km values calculated after 30 minutes for flow rates of 15, 30 and 45 rpm, we concluded that the flow rate does not have a statistically significant effect on calculated Km value.  A t-test (paired two sample for means) reveals t-statistics of 2.103 and 1.941 – both significantly less than the two-tailed critical value of 12.706.  
The fraction of dissociation for poly-sodium acrylate was calculated on the premise that the molar conductance of the acrylate ions is comparable to that of the chloride ions.  In order to quantify the consequences of this assumption, we calculated the dissociation fraction of poly-sodium acrylate twice, using two different assumptions. We first assumed that the molar conductance of acrylate is half that of chloride (α1/2).  If this is the case, the hypothetical 100%-dissociation molar conductance for poly-sodium acrylate is 3209.17; thus, α1/2 equals 45.7% dissociation.  Second, we assumed that the molar conductance is twice that of chloride (α2).  This assumption resulted in a complete-dissociation molar conductance of 6418.34 and a α2 of 22.8%.  Both α1/2 and α2 differ from our calculated α by 33.2%, which is not negligible.  Therefore, our assumption is significant.


Upon inspection of the graph of conductance vs. time (Figure 5) of the initial 0.1M poly-sodium acrylate solution which was run in the dialysis system with DI water on the other side of the membrane, we observed a very small transfer of mass.  This phenomenon can be explained by the impermeability of the membrane to acrylate.   Despite the fact that the membrane is permeable to the sodium, the desire of the solution to remain neutral impedes its passage to the other side of the membrane, thus resulting in an almost insignificant transfer.  This phenomenon can be observed by the small value of the mass transfer coefficient of 1.14 x 10-10 cm/sec (compared to 7.9 x 10-8 for KCl).  In subsequent experiments, it would be of interest to measure the final volumes of solution on both sides of the semi-permeable membrane, to test if osmosis occurred. 
The conductance measurements for the dialysis system run with initial concentrations of 0.0196M poly-sodium acrylate and 0.1M NaCl, showed that there was a net mass transfer across the membrane (see Figure 8).  Comparing this data to the data of the dialysis system of poly-sodium acrylate and deionized water (Figure 5), proves that Gibbs-Donnan equilibrium was taking place.   Figure 8 also shows the crossing of the conductance measurements of the solutions.  Initially there are significantly more osmotically active particles on the NaCl side than the poly-sodium acrylate side.  However, after equilibrium has been reached, the number of particles that have flowed down the concentration gradient results in a slightly higher osmotically active particle concentration on the poly-sodium acrylate side.  This explains the crossover of the conductance measurements.   

The dissociation constant calculated from the data collected from the osmosis apparatus is 0.1.  This means that the number of osmotically active particles in the final equilibrium solution is less than the number of originally non-dissociated particles – this is incorrect.  There are two possible reasons for this error.  First, the assumption that no poly-sodium acrylate molecules diffuse across the semi-permeable membrane is incorrect.  And second, the height used in our calculations was not the equilibrium height.  An experiment devised independent of our project used a similar apparatus set up and the same initial solute concentration; however, the surface area of the semi-permeable membrane for this apparatus was significantly bigger than that used in our set up.  After an equal amount of time had passed, the height of the water in the capillary tube was more than three times that found in our results.  Moreover, the rate at which the height was increasing over time was still significant indicating that equilibrium had still not been reached.  

In light of this information, we concluded that the height used for calculation was indeed not the equilibrium height at all because the rate at which this result is achieved is directly proportional to the area through which osmosis can occur – the surface area of the semi-permeable membrane.  Subsequent experiments could construct a thin ring frame over which the semi-permeable membrane could be placed in order to increase the area for osmosis without affecting the measured volume of water and, thus, increase the rate of osmosis.

CONCLUSIONS:
· The mass transfer coefficient for a solution with an initial concentration of 0.1 M KCl was found to be 7.884x10-8 cm/s, and for poly-sodium acrylate 1.14x10-5 cm/s.  Flow rate did not have a statistically significant effect on the mass transfer coefficient.
· The dissociation constant of poly-sodium acrylate was found to be 0.1; however, this value is incorrect because the 0.00196 M poly-sodium acrylate solution will not reach osmotic equilibrium within a week in the set-up we designed.
· The poly-sodium acrylate and sodium chloride adhered to the Gibbs-Donnan equilibrium model for charged particle behavior during dialysis.
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APPENDIX
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Figure 1: Molecular structure of poly-sodium acrylate

[image: image5.png]Clamp

Plastic Tubing

Rubber Band

Poly-sodium
Actylate Solution

semi-permeable
mermbrane

Dl'water




Figure 2: Diagram showing osmotic pressure setup.
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Figure 3: Gibbs-Donnan Equilibrium.
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Figure 4:  Concentration vs. Time – 0.1M KCl vs. Distilled Water, separated by semi-permeable membrane

	Flow Rate (rpm)
	Lower Concentration (CL, mol/L)
	Mass Transfer Coefficient 

(km, x10-7 cm/s)
	Average km (km, x10-7 cm/s)

	45
	0.02403
	1.02
	1.06

	
	0.02545
	1.11
	

	30
	0.02465
	1.06
	1.12

	
	0.02651
	1.18
	

	15
	0.02650
	1.18
	1.36

	
	0.03147
	1.55
	


Table 1: Mass transfer coefficient values obtained at varying flow rates of 0.1 M KCl and H2O in a dialysis system.

	Time (sec)
	C(low)
	Km (cm/s)

	1
	0.000653
	3.688E-06

	120
	0.002778
	1.336E-07

	900
	0.011898
	8.471E-08

	1800
	0.020576
	8.264E-08

	3600
	0.03182
	7.884E-08

	
	
	

	average
	 
	8.047E-08


	 
	30 min
	15 min

	ERROR 
	4.82%
	7.45%


Table 2a & 2b: 2a – Mass transfer coefficient values shown at different times, with a flow rate of 45 rpm and a dialysis system containing 0.1 M KCl and H2O.  Equilibrium was assumed to be at 3600 seconds, and percent error (Table 2b) was calculated from this.
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Figure 5: Conductance vs. Time graph of 0.00179 M poly-sodium acrylate and DI water in a dialysis system.
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Figure 6: Standard Curve for 0-0.1M Poly-Sodium Acrylate solution, three trials.
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Figure 7: Standard Curve for 0-0.1M Poly-Sodium Acrylate solution, three trials.

[image: image8.emf]Conductance vs. Time

0

2

4

6

8

10

12

0 5000 10000 15000 20000

Time (sec)

Conductance (mS)

Polysodium acrylate NaCl


Figure 8: Conductance vs. Time graph of 0.00179 M poly-sodium acrylate and 0.1 M NaCl in a dialysis system.
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Figure 9: Concentration vs. Time graph of 0.00179 M poly-sodium acrylate and 0.1 M NaCl in a dialysis system.
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� Image available at http://www.glossary.oilfield.slb.com
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